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Botrytis cinereaおよび Cercosporacruentaにおける IDP以降の ABA生合成経路を解明
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2. B. cinereaが生産する ABAの1802ならびに H2180標識実験
ABAがカロテノイド経路と直接経路のいずれで生合成されるかを区別するために、
1802による ABAの標識実験を行ったq カロチノイド経路では カ口テノイドが分子状
酸素を用いるジオキシゲナーゼによって酸化され、生じたアノレデヒドは水の酸素を用
いてオキシダーゼによりカノレボ、キシノレ基に酸化される。したがって、 ABAの 1位酸素




02雰囲気下でB.cinereaを培養し、 ABAならびに本菌の ABA生合成前駆体の 1'，4'_ 
t-diol孔BA(2)を単離した。 ABAのメチノレエステノレ (ABA田Me) を EI占星S分析した結
果、 [M+6rに相当する分子イオンが m/z284に認められ、 180 が 3つ取り込まれている
ことがわかった(図 2)。側鎖に由来するフラグメントイオンが非標識体より 4mu大
きい m/z129に検出されたことから、 1位酸素が 2っとも 180で標識されていることが
判明した。六員環部のフラグメントイオンは非標識の m/z162とともに 164に認め
られ、行立または 4'位のどちらかに lつ 180が取り込まれていることを示した。この取
り込み位置を特定するために脱水イオン群を解析したところ、 m/z266ラ 264ラ 262，260に
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* : 180， (): [M+6-HzOrと[M+6-Hz180rの相対イオン強度比
2 
"--x -T-..'人 、どふ 》ど.i¥、どム 〉ぐ d主/¥rr、/ Oxydase r、イキ H+ r 、仔~*. y;;¥〆、グ* 〆「ぐ.>1<i"IO山 、i本*一一 r勺OH ー~ 1， I・"'OH→必)1 r"IOH→勺OH
.Å~\守 COOH *_~ ~ H20. *_ ./-之~ -~.ó人\ -~\，グヘHO'" ~ ¥0' ~\HO'( ~\H-& ~\0..... ....，¥ 
[1，1，1'，4，-1804]な [1，1，1'，4J804]ABA H/O¥H [1，1 ，1'J803]ABA 
図3 化合物2から ABAへの変換と 4'位 180の培地の水由来160との交換メカニズム
* 180 
ている。 1，_180 と 4，_180 を区別するためには残り 35%の由来を明らかにする必要があっ
た。脱水する可能性のある 4性酸素をラベルした[4，_180]ABA働Meなどを日幽MS分析し
たところ、残り約 35%の脱水イオンは 4'位カノレボニノレ基酸素が l'位水酸基の水素およ
び 4位の水素などと脱離することによって生じることが明らかとなったc このような
カノレボニノレ基酸素の脱離による脱水イオンの生成は極めて珍しい。 l'位水酸基と 4'{立カ
ノレボニノレ基酸素の脱離は 65:35の比で起こるため、 1，_180 か 4'_18むかは[M十6一九と
[M+6-H2180rの脱水イオンの比を調べることによって区別することができるむすなわ










素が 180標識された化合物 2が生合成され、それが ABAに変換された後に 4'位酸素が
水和体を経て培地の水由来の 160と交換したことを示唆している(図 3)凸この推定は、
ABAの 4'位酸素が酸性条件で容易に水の酸素と交換すること、培養液の pHが培養中
2.7-5.8であったことからも支持された。ただし、 ABAに取り込まれた 180 は、 1802か
ら呼吸によって生じた H2180 に由来する可能性が考えられた。そこでで、、 H民218勺O 培地でで、培









りに既知セスキチノレベノイドの 2E，4E，6E-allofarnesene(3， 1，300 ng/g菌体)と 2Zラ4E，6ι
allofarnesene (4， 990 ng/g菌体)ならびに新規セスキテノレベノイドの 2E，4E-a-
ionylideneethane (5， 1 ng/g菌体)と 2Z，4E-α-ionylideneethane(6， 8 ng/g菌体)の存在を見出
した。この結果は、本菌が allofarneseneと ionylideneethaneを経る誼接経路で ABAを
生合成することを示唆した。この新しい草接経路では、 FDPの l位がいったん還元さ
れて化合物 3となり、 6へと変換された後に、分子状酸素による酸化によって ABAが
生合成される口ただし、化合物 3から 6への経路は、 3の 2位異性化が起こった後、唱
が環化して語を生じる場合と、 3が環化された後に 5の 2位異性化によって番を生じ
る場合の二通りの可能性が考えられた(図的 o そこで、本菌における新しい直接経路
の存在を確かめるとともに、これら二つの経路を区別するため、 2-13C標識した化合物
3-6の代謝実験を行った。 代謝実験の結果、 [2-13C]-3，4， 5， 6は、それぞれむ.7，0.2，2.6ヲ
17.1%の取り込み率で ABAに変換されることが判った。化合物 3の取り込み率が 4よ
りも高いことは、 3の環化が 2位異性化よりも先に起こることを示唆している。しか
し、化合物語の ABAへの取り込み率が 5のそれよりも有意に高いことを考慮すると、
環化よりも 2位異性化が先に起こっている可能性が高い。菌体抽出物中の 5:6比は 1:9
であるのに対し 3:4比は 4:3であることも、 3の 2位異性化が先に起こっていること
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図 5 B. cinereaの新しい直接経路による ABAの生合成
太矢印:13C標識化合物の代謝実験によって明らかにされた経路，
*分子状酸素由来
これらの結果より、本菌は、 FDPの 1位還元と 4ラ 5位の不飽和化によって化合物 3を





の C.cruentaについてもその ABA生合成経路を調べた。 1802雰囲気下で C.cruen却を
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(400 ng!g菌体)、 15，15'Z-phytofluene(100 ng!g菌体)、 15，15'Z-phytoene(4，100 ng!g菌体)
であり、 y-型 9(9官制carotenoidを検出することはできなかったc これに対して、セスキ
テルベノイドは化合物 3(500 ng!g菌体)とともに新規化合物の 2E，4E十 ionylideneethane 
(9， 3，300 ng!g菌体)と 2ZラヰE十 ionylideneethane(10， 14，400 ng!g菌体)が存在することを
見出した。しかも、 2_13C標識した化合物3，4，玖 10は0.1%、0.2%、 0.2%、3.3%の比で、
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り込み率が野よりも有意に高いことから、本菌の直接経路も 3の 2位異性化の後、 4
の環化が起こると考えられる。(土日2-13C]-10を投与して生じた ABAの絶対配置は、
98.9% eeで天然型のSであり、伊〉時が選択的に ABAに変換されたことを示した。以
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The biosynthetic pathway of ABA after isopentenyl diphosphate in a fungus， Botrytis 
cinerea， was investigated. 180田Labelingexperiments with 1802 and H2180 indicated 
that al oxygen atoms at C-1， -1， -1' and -4' of ABA were derived from molecular 
oxygen， and not from water. This finding was inconsistent not only with the 
carotenoid pathway via oxidative cleavage of carotenoid and but also with the classical 
direct pathway via cyclization of famesyl diphosphate. The fungus produced new C15帽
compounds， 2E，4E帽α-ionylideneethaneand 2Z，4E-a-ionylideneethan民 alongwith 
2E，4E，6E叩allofameseneand 2Z，4E， 6E帽allofarnesene，but did not produce carotenoids 
except for a trace of phytoene. These C15幽compoundslabeled with 13C w自reconverted 
to ABA by the fungus， and the incorporation ratio of 2Z，4E.酬酬.刷α岨-101白時勾1玲ザyl五批酷f担1怠鵠母t出hanewas 
higher than t曲ha拭tof 2E，4Eι蜘嗣嗣哨剛剛'
f白ame郎sy刊1diphos叩pha拡tewas r閃記duceda鈍tC山-1，desaturated at C-4ヲand 舷愈dat C.・2to 
form 2Z，4E，6E-al1ofamesene before being cyc1ized to 2Z，4E.醐砕明記thaneヲ and
then the ionylideneethane was oxidized to ABA with molecular oxyge口 Thisdirect 
pathway via ionylideneethane means that the biosynthetic pathway of fungal ABA not 
only before but also after isopentenyl diphosphate is different from that of plant ABA 
which is biosynthesized by non酬由記valonateand carotenoid pathways. 
Keywords: Botrytis 
ionylideneethane 
???? ??? abscisic acid; biosynthesis; al1ofamesene; a皿
1. Introduction 
A plant hormoneヲ abscisicacid (ABA， 1)芦 regulatesvarious physiological reactions 
including induction of adaptive responses to water deficiency and low temperature in 
plants (Leung and Giraudatラ 1998). ABA isproduced by some phytopathogenic fungi 
in addition to higher plants， lichens， bryophytes and algae (Hartung and Gimmler， 1994). 
ABA臨 aycontrol susceptibili匂rof plant tissues to fungal infection (Kettner and 
Dorft1ing， 1995)， although the physiological role of ABA in fungi is not understood. 
Studies on ABA biosynthesis have suggested that the biosynthetic pathway of fungal 
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ABA isdifferent from that of higher plant ABA (Fig. 1). 1五gherplants use isopentenyl 
diphosphate (IDP) derived from the non-mevalonate p拙 wayfor biosynthesis of ABA 
(回raiet al.， 2000a)， and the IDP is converted to 9Z-epoxycarotenoidヲwhichis cleaved 
by dioxygenase to form ABA (Schwartz et al.， 2003). In contrast to higher plants， IDP 
for ABA of fungi， Botrytis cinerea， Cercospora pini-densijlorae and C. cruenta， is
biosynthesized by the mevalonate pathway (1五raiet al.， 2000a; Yamamoto et al.， 2000). 
Two pathways， the direct and carotenoid pathways， have been proposed for the pathway 
after IDP in fungi. 
In the direct pathway， famesyl diphosphate (FDP) is hydrolyzedラ isomerized，cyclized 
and desaturated to form ionylideneethanol， and oxidation of ionylidenethanol gives 
ABA (the classiむaldirect pathway in Fig. 2). This pathway has been suggested based 
on feeding experiments with C15 compounds in two fungi. C. rosicola converted 
to ABA (Bennett et al.， 1984)， and C. rosicola and仁 cruentametabolized 
ionylideneethanol (2) and 2Z，4E十 ionylideneethanol(3)， respectively， toABA (Neil et 
a1.ヲ 1987;Oritani et al.， 1985; Kato et al.， 1987). However， putative intermediates 
between FDP and ionylideneethanol， 4ヲ5-didehydrofamesoland monocyclofarnesol， 
were not converted to ABAヲandtheir production by these fungi has not been confirmed 
(Bennett et al.， 1990; Yamamoto and Oritani， 1997; Yamamoto et al.， 2001). Trus is a 
shortcoming to support the direct pathway. 
The carotenoid pathway has been proposed for C. cruenta言whichproduces s-carotene 
and2Z，4E吋四ionylideneacetaldehyde(4) along with 3 (Oritani et a1.， 1985; Yamamoto et 
a1.， 2000). This fungus converted 4 to ABAヲandincorporated 180 from 1802 into C-l 
of 4 and into C-1ラ皿l'and -4' of ABA (Yamamoto et a1.ヲ 2000). This result apparently 
coincides with the biosynthesis of ABA νia 4 formed by oxidative cleavage of 
carotenoids. However， 9Z醐carotenoidspossessing トringthat should be precursors for 
4 have 削 beenfound in this fungus. C. rosicola also produces s-carotene (Norman， 
1991)， but production of carotenoids by other ABA輔producingfungi has not been 
reported. The carotenoid and direct pathway in fungi remain unclear. 
The different origin of IDP between higher plants and fungi has suggested that the fungi 
obtained the genes for ABA biosynthesis independently of higher plants. However， 
IDP is the ultimate precursor not only for ABA but also other terpenoids. The 
biosynthesis after IDP seems to be characteristic of ABA， so elucidation of the 
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biosynthetic pathway after IDP in fungal ABA is important to discuss the origin of 
genes for ABA biosynthesis. We investigated the biosynthetic pathway between IDP 
and ABA in B. cinerea that produc号s1'，4'-1国diol-ABA(5) as the precursor of ABA (Hirai 
et a1.， 1986; Kettner and Dorffiing， 1995). This paper proposes a direct pathway via 
ionylideneethane b丘sedon results from labeling experiments with 1802 and H2180， 
precise analyses of ABA-related metabolites， and feeding experiments of the labeled 
metabolites. 
2. Result語nddiscussion 
2.1. Labeling experiment with 1802 and H/
80 
An 180-1abeling exp母nn関口tof ABA with 1802 may distinguish be執r的政 carotenoid
and direct pathways. In the direct pathwayラ oxidationat C皿 1of ionylid間宮ethanolby 
oxidase with oxygen from H20 will form the carboxyl group of ABA. This means that 
C-l of ABA isnot labeled with 180 from 1802出thedirect pathway. If fungal ABA is
biosynthesized by the carotenoid pathway as well as plant ABAフaprecursor c註fむtenoid
would be oxidatively cl部.vedby dioxygenase with mol記cularoxygen， and resulting C15田
aldehyde could be oxidized at C聞1by oxidase with oxygen from to form the 
carboxyl group of ABA (Seo et a1.ヲ 2000aラ2000b). In this caseヲon母 180from 1802 is 
introduced into C皿1(Creelma口andZ的 V綿 rt，1ヲ84;Zeevaart et al.ヲ 1989). Thusラthe
numb台rof 180 label at C四 1would be different betw申告nthe 同10pathw乱ys. 180皿
Labeling patt笹口1at C-1 i and -4' may also provide info口n抵ionabout pathway. 
B. cinerea was cultured under 1802 for 20 days， and methyl esters of ABA and 
compound 5 produむedby the fungus were analyzed by E路岱 Themass spectrum of 
the ABA methyl ester gave [M+6]十ヲ [M+4]+，[M+2]十and[Mt ions at m/z 284ヲ282，280
and 278， respectivelyラindicatingthe incorpora註onof three 180 atoms at maximum into 
ABA (Table 1). The fragment ion derived from the side chain that appears at m/z 125 
in norトlabeledABA methyl ester was detected at m/z 129， 127 品目d125 (Gray et a1.， 
1974). This showed that two oxyg母natoms at C皿1at maximum were labeled with 180. 
A fragment ion containing 1"4'四oxygenatoms was detected at m/z 164 in additionto m/z 
162 corresponding to the ion without 180 (Gray et al.ラ 1974)，indicating that either C四}'
or四年 was labeled with 180‘ The labeled position was determined by analysis of the 
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dehydrated ion. Del出ly刊dra鉱te吋diぬon邸s[M十尚6由H20]+ヲ [M+6ふ珊H2180]+γ/[体匙M計十4牛闇H20]+，フ [M十4牛-
H/80t十γ/[βMが+2-皿H20tand [M十2.嗣嗣圃在
and 260， respectively. More than 60% of the dehydrated ion of ABA methyl ester is 
formed by elimination of the 1'-hydroxyl groupラand4-or 5圃hydrogen(出raiet a1.ラ
2000b). We found by analyzing a mass spectrum of authentic [4，_180]ABA methyl 
ester that a residual 32% of the dehydrated ion was formed by elimination of 4にoxygen
and the 4輯 orふ hydrogenafter migration of l'圃O占ydrogento平田oxygen(Table 1).キ
This finding means that [1，_180]ABA and (41)80]ABA methyl esters can be 
distinguished by the ratio of relative intensities of the dehydrated ions [M+2-H20t 
[M+2剖/80]十;the former ester should give a ratio of about 32:68ヲandthe1総合rester a 
ratio of about 68:32. The ratio of the relative intensities of the dehydrated ions at m/z 
266 and 264 was 29:71 after subt悶ctionof the relative intensity derived from an 
日20tion from the relative intensity of the ion at m/z 264. This ratio was clo関 to
of the dehyd悶tedions [M十2-H20tand [M+2-H2180]+ of [11)80]ABA 
indicating that l'田oxygenwas labeled with 180， but 4'幽oxygenwas not. 
reveal ed that C-1， ・1and -1' of ABA were labeled with 180 from 1802・
The mass spectrum of the methyl ester of 5 showed molecular ions corresponding to 
[M十8t，[M十6tフ[M十4tヲ[M'十2tand [Mtヲindicatingthat al four oxygen atoms of 5 at
maximum were derived from 180 (Table 2). This resu1t did not coincide with that of 
ABA. It is possible th乱tthe 4，_180 label of ABA was lost by exchange with 160 from 
water during culture after [1，1，1'，4，)804]ABAhad been biosynthesized from 1，1'，4'岨
804]幽5. To examine this possibilityラ authentic併に180]ABAwas incubated 
solutions of pH 3.0， 5.0 and 7.0 for 6 days. The resu1t showed that the 41)80∞ntent 
decreased from 84% to 3% and 78% after incubation at pH 3 and 5， respectively， and 
changed very litle after incubation器tpH 7. Measurement of pH of the medium during 
culture showed that the pH decreased from 5.8 to 2.7 during the first 5 days， and then 
gradually increased to 4.4 until day 20 after inoculation. This fungus began to produce 
ABA from day 5 after inoculation， and ABA wβs accumulated in the medium. The 
acidity of the medium strongly supported the above possibili守・ Therefore， aloxygen 
atoms at C-1ヲ同1，岬l'and -4' of ABA may be derived from molecular oxygen. 
The 180 labels of ABA and compound 5 may be derived from H2
180 that could be 
produced from 1802 by respiration of the fungus during culture. To avoid this 
* The dehydration mechanism involving 4'-oxygen will be reported elsewhere. 
1 
possibi1ity， the fungus was cultured in a medium made from H2180. The rnass 
spectrum of methyl ester of ABA produced showed an [M'十2rion at m/z 280， 
dehydrated ions [M+2・.H20rand [M'十2-H2
180rat m/z 262 and 260， respectivelyヲwith 
a ratio of 67:33， and a fragment ion containing l'，4'-oxygen at m/z 164ラindicatingthat 
the ABA was labeled at C帽4'with 180 (Table 1). The 180 label at C四4'would be 
incorporated by non-en勾rmaticexchange of 160 with 180 from H2
180 of a medium as 
described above. Compound 5 was not labeled with 180 (Table 2). This result further 
confirmed that al oxygen atoms at C-1，自lヲ醐l'and -4' of ABA were derived from 
molecular oxygenラ andnot from water. The difference of our resu1t 合omthe 1802 
labeling result of C. cruenta (Yamamoto et al.ヲ2000)may be explained by exchange 
of ト180of 4 with 160 from H2
160 via a hydrate of the aldehyde group due to a slow 
conversion of 4 to ABA in C. cruenta. 
The above finding was inconsistent not only with the direct pathway with the 
carotenoid pathw的人 Labeling ofboth oxygen atoms at C-l of ABA 180 from 1802 
suggested that oxidation at C-l of a putative C15醐aldehydeintermediate was catalyzed 
not by oxidase with oxygen from H20， but by monooxygenase with molecular oxygen. 
This oxidation mechanism may be applied to the c品rotenoidpathway. However， we 
could not exclude a pathway different from the direct and carotenoid pathways. In the 
bile acid biosynthesis言 oxidationof the 27皿methylgroup of 5s-cholestan-3αクα，12α皿
triol to the carboxyl group proceeds by multiple monooxygenation with molecular 
oxygen (Holmberg醐Betsholtzet al.ヲ1993). Carotenoids and C15 compounds produced 
by the fungus were carefully searched for biosynthetic intermediates for ABA that 
suggest the biosynthetic pathway of ABA. 
2.2 Isolation and identポcationo[ ABA-related compounds 
If the carotenoid pathway is working in B. cinerea， the precursor carotenoid could be 
the 9Z岬isomerpossessing e-ring. Carotenoids in the extract from the mycelia were 
analyzed by HPLC with a photodiode allay detector at a detection limit of 0.3 ng for al闇
E-s-carotene. Three compounds having absorption spectra similar to that of phytoen台
were detected at Rts 3.8， 4.0， and 9.0 min， and the other carotenoids were not detected. 
Compounds 6 and 7 detected at Rts 3.8， and 4.0 mi琵ラ respectively，were isolatedラ and
their lH N乱1Rand mass spectra suggested that 6 and 7 wer号2Z，4E，6E四 and2E，4E，6E四
allofamesenesラ respectively(Miyaura et al.， 1982; Sakai and 回roseラ 1969). The 
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struむturesof 6 and 7 were confirmed by comparison of their spectral data with those of 
chemically synthesized 2Z，4Eヲ6E.四 and2E，4E，6E-allofarnesenes. Compounds 6 and 7 
紅eknown to occur in oil of Perilla frutescens戸viridisMakino (Sakai and 出rose，
1969) andMelissa officinalis L. (Hose et a1.， 1997)ヲandin virgin olive oil (Lanzon et a1.ヲ
1994). The compound eluted at Rt 9.0 min was identified as 15， 15'Z-phytoene. The 
contents of 6， 7 and 15，15'Z酬がlytoenewere 990， 1，300 and 5 ng/g fresh weight of 
mycel向型respectively.
The occurrence of 6釦 d7 suggested that B. cinerea produced ionylideneethane which is 
a cyc1ized derivative of allofamesene. Further analysis of the mycelia extr器ctby GC-
MS detected two compounds 8 and型thatgave molecular ions at m/z 204ラ coinciding
with the molecular weight of ionylideneethane. Compounds 8 and 9 showed 
ions at m/友148，suggesting that 8 and 9 possessed a partial structure of 
トcyc10hexene(Biemann， 1962). Compounds 8 and歩wereobtained品sa J..u.J. L，....~...フ but
the amount was too small to measure a lH N恥低spectrum. We chemicaUy synthesized 
2Z，4E曲 and2Eラ4E圃a-ionylideneethanes，and confirmed by comparison of their Rts in GC 
and mass spectra with those of 8 and 9 that 8 and 9 were 2Z，4E酬 and2E，4E.聞 αm
ionylideneethanes， respectively. Compounds 8 and 9 are new compounds， and were 
contained at 7.7 and 1.1 ng/ g fresh weight of mycelia， respectively.βIony lidenethane 
was not detected in the mycelium extract. 
Absence of precursor carotenoids and occurrence of the C15 compoundsヲ6ヲ7ヲ事 an品9，
suggested that another direct pathway via allofaIτlesen合 anda-ionylideneethane was 
working in B. cinerea. This direct pathway should contain the following reaction 
steps: reduction at C醐 1and desaturation at C醐4of FDP， isomerization at C田2of 7 or玖
cyc1ization of 6 or 7， and oxidation at C-1，帽1，・-11and -4' of 8 with moleむularoxygen 
(Fig. 2). We performed a feeding experiment with [2-13C]四6，7ヲ喜朗d9 to examine the 
direct pathway via ionylideneethane and to disti~guish the two routes for isomeriz剖10n
and cyc1ization. 
2.3 Feeding experiment 01 [2-13C}-丘ス 8and9
Compounds [2_13C]_6， 7ヲ 8and 9 were synthesizedヲ andfed to B. cinerea. The 
incorpora註onratios of these compounds into 5， 6， 7， 8， 9 and ABA were examined using 
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13C NJ¥依orE邸 S. The resu1t is summarized in Table 3. All of [2_13C]四番， 7，8and 9 
were converted to ABA and 5， indicating that these compounds were biosynthetic 
precursors for ABA. The low incorporation of the labeled compounds into 5 was due 
to the smal1 amount of 5 compared with the amount of ABA. The incorporation ratio 
(0.7%) of 7 to ABA was higher than that (0.2%) of 6. This resu1t shows the apparent 
preference of cyc1ization of 7 to 9 before isomerization of 7 to 6. Howev母r，6 and 7 
are extremely unstable in an acidic aqueous solution in addition to volatilityラ andth己
medium of the fungus was acidic as described above. Conversion of [2_13Cト語and7 to 
their respective isomers may affect the incorporation ratios also. Therefor信 small
difference between the low incorporation ratios of 6 and 7 seemed insignificant. The 
incorporation ratios of 8 and 9 were more significant than those of 6開 d7， and 
isomerization of 8 and 9 to 9 and 8， respectively， was negligible. The higher 
incorporation ratio (17.1%) of 8 to ABA than that (2.6%) of参加母stedthat 
isomerization of 7 to語precededcyc1iza註onof 7 to 9. The content 科:3)of7 and 
6， and that (9: 1) of器and9 in the mycelium extract also preferred befo間
cyc1ization. At present， itis unknown whether desaturation at C皿4
before or after reduction at C醐1.
7 occurs 
Stereospecificity of oxygenase converting 8 to ABA was examined by an HPLC 
analysis of ABA that incorporated 17.1% of (土)-[2阻13Cト8. If both enantiomers of [2聞
13Cト器 areconverted to ABAラtheenantiomeric excess of the ABA should be 96.52%ラ
and if (S)-[2-13C]申書 is selectivelyむonvertedto ABA， the enantiomeric excess of ABA 
should be 93.04%. The result showed that the ABA was a natural isomer with 
99.77土0.03%e. This enantiomeric excess indicated thぽ (R)-[2闇
conve抗edtoABA. 
was selectively 
In conc1usion， the direct pathway via ionylideneethane contains the following steps; 
FDP is dehydrogenated at C圃4，5 and reduced at C酬 1to give 7， cyc1ization of 6 
following isom紅白紙ionat C-2 of 7 gives (R)品ヲ andthen (R)-8 is converted to (S)同ABA
via 2 and 5 by oxidation at C-1，制1，醐l'and -4' by monooxygenase with molecular 
oxygen (Fig. 2). This direct pathway may occur in other ABA田producingfungi. 
Some algae which do not produce carotenoid in spite of containing a considerable 
amount of ABA (Hartung and Gimmler， 1994)臨ightbiosynthesize ABA by the direct 
pathway νia ionylideneethane. This study revealed that fungal ABA biosynthesis not 
only before but also after IDP was di宜erentfrom that of higher plants. Fungi probably 
obtained the genes for ABA biosynthesis independently of higher plants. 
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3. Experimental 
3.1. Genel・alexperimental procedure 
lH and 13C N恥依ヲ NOESY， 1臨時Cand 1乱部Cspectra were measured with a Bruker 
ARX500 inst問 ment(500恥任王zfor lH and 125 }¥J任fzfor 13C)， using TMS as the 
standard. Direct EIMS was carried out with a JEOL JMS田600Hmass spectrometer， 
temp. of the direct probe being increased from 500C to 4500C at a rate of 1280C/min. 
The instrument was operated at a chamber temp. of 250oC， accelerating voltage of 3 kY，
ionization vo1tage of 70 eY， and ionization current of 300 ~A in the positive 
the resolution being 1，0むoduring the measurement. GC田EImass spectra were 
recorded on the above mass spectrometer e司uippedwith a Hewlett Packard 
inst開閉忠誠ヲ using a 1王P-5 column (30 加 x 0.32 mm， 5% diphe設計四95%
dimethylpolysiloxane， film thickness 0.25μm， Hewlett Packard Co・， Wilmingto民
USA)， and 1.0 ml/min ofHe flow. The parameters ofthe mass spectrom抗告rwere the 
same as those of direct EIMS. The oven temp. for GC was programmed from 1200C四
2700C at a rate of 50C/min for methyl ester of ABA and 5， and from 1000C to 1900C at a 
rate of30C/min for 6，7，8 and 9. The 180 contents were calculated after correction by 
natura!13C~2H由 and170岨isotopicabundance. IR speはrawere obtained by a Shi臨ad却
FTIR圃8100AIspectrometer. UV spectraヲVisspectra and optical rotation were 
measured with a Shimadzu UV 2200AI and a JASCO DIP皿1000polarimeter， 
respectively. 1王PLCwas performed with a 出tad討し7100pump， 1五tachiL四7400UV 
detector and Hitachi D回7500chromato四integrator. For analysis of carot問。ids，1晋LC
was performed with a Waters 600E multisolvent delivery system using a photodiode 
array detector Waters 991J with a detection range of 200ゐ00nm. 1王PLCcolumns 
used wεre a YMC圃PackODふAQ311 column (100 x 6 mm， YMC Co. Ltd.， Kyoto， 
Japan) ョa YMC.幽幽幽幽.圃値幽鋼白崎苧‘
K三yotぬO芦Japan)，a YMC Carotenoid column (250 X 4.6 mm， YMC Inc.ヲWilmingto且，NCラ
USA) and a Chiralcel OD column (250 x 4.6 mm， Daicel Chemical Industries Ltd.， 
Niigata， Japan). CC was carried out on Wakogel C田200(silic品gel;particle sizeラ0.075-




The phytopathogenic fun都民 Botrytiscinerea No. 403， was isolated from geranium. 
(土)酬ABAwas purchased from W，政oPure Chemical Industries Ltd. 1802 (99 atom % 
180) and H2
180 (mo尚也如何鉱om% 180) were purchased from Isotec Inc.， 
Miamisburg， OH， USA. [ド1.醐刷剛嗣剛.網.刷嗣掬嗣戸刷
Al同drichChemical Co. Inc.， Milwaukee， WI， USA. 
3.3. Labeling experiment with 1802 
Culturing under an 1802 atmosphere was performed according to the method of 
Yamamoto et aよ(2000)，who reported that more than a 6 molar 郡1tof 1802 to 
glucos詰wasre抑制 fornormal fungal growth and ABA production. 託eenml of 
potato dextrose medium containing 0.3 g (1.7 mmol) of D・欄glucosewas added to a 300 
ml-sized Erlenmeyer's flask sealed with a stopcock. After inoculation of B. cinerea， 
the flask w郡 immediatelyevacuated and then replaced with N2 topurge the air from the 
flask. This procedure was repeated twice more. The air bag (5.0 1) containing 0.25 1 
(10 mmol， 230C) of 1802 and 1.0 1 ofN2 was fitted to 也容 flask，and B. cinerea was 
statically cultured at 230C in the dark for 20 days. The atmosph記rein the air bag was 
not replenished with 1802 during the culture. 
Aft信rfiltration ofthe culture， the filtrate was acidified with 25% H3P04 topH 3.0， and 
partitioned three times with 20 ml ofEtOAc. Th記organiclayers wereむombin母d，dried 
over Na2S04， filtered and concen甘atedto give yellow oil (6.8 mg). This oil was 
subjected to silica gel (3 g) CC using mixtures of toluene and EtOAc containing 1.0% 
HOAc as the eluant. The material (2.9 mg) eluted with 20-30% EtOAc was subjected 
to preparative HPLC using a YMC岨PackODふAQ311 column (solventヲ0.1%HOAc聞
45% MeOH柵55%H20; flow rate， 1.0 ml/min; detection， 254 nm). Materials eluted at 
Rts 7.7 min and 10.9 min were collected and concentrated to give 5 (4.8μg) and ABA 
(0.48 mg)， respectively. These compounds were separately methylated by ethereal 
CH2N2 togive methyl esters of 5 (4.2ドg)and ABA (0.48 mg). Methyl ester of ABA: 
E関 S(probe) 70 eV:的 (rel.int.): 284開+6]+(0.9)， 282 [M十4了(1)， 280 [M+2f (2)， 
278 [Mf (1)， 266 (0.7)， 264 (3)， 262 (5)， 260 (4)ヲ 194(60)， 192 (100)， 190 (82)， 164 
(32)， 162 (36)ヲ129(16)， 127 (30)， 125 (32). The total 180 content was calculated from 
the relative intensities of the molecular ions to be 46%. Methyl ester of 5:五郎r1S
(probe) 70 eV: m/z (rel. int.): 288 [M+8了(0.4)， 286 [M+6]ート (0.8)ヲ284 [M+4]十(1)， 282 
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[M+2]十 (1)，280 [M]+ (0.8)， 268 (8)， 266 (16)ヲ264(20)ヲ262(12)， 248 (15)， 246 (20)， 
244 (16)， 129 (71)， 127 (100)， 125 (9). The total 180 co同entw説scalculated from the 
relative intensities of the molecular ions to be 42%. 
3.4. Pnそparation01 [4'_180}ABA and its incubation in buffer 
[4，)80]ABA was prepared according to the method of Gray et al. (1974). Or時間g
NaOH (0.025 mmol) was dissolved in 100 μ1 of H2
180. ABA (6.0 mg， 0.023 m臨01)
was dissolved in the Na180H soln. and heated at 8ふ900Cfor 1 h. After cooling， 20 
of distil1ed water was added to the soln. The soln. was acidifi母dwith 250/0 to 
pH 3.0 and partitioned three times with 10 ml of EtOAc. The EtOAc lay釘sw粧告
combined， dried over Na2S04， fi1tered and concen甘atedto give yellow oil 
This oil was subjected to silica gel (2.0 g) CC using mixtures of toluene 
containing 1.0% HOAc as the eluant. A material eluted with 30-40% of EtOAc was 
collected and concentrated to give [41)80]ABA (5.0 mg). [4IJ80]ABA (0.1服g)was 
dissolved in 0.1出1of MeOH， and ethereal CH2N2 was added to the soln. to give a 
methyl ester of [4，_180]ABA. Methyl ester of [4，)80]ABA: E品1S(probe) 70 eV: m/注
(rel. int.): 280 [M+2t (2)， 278 [Mt (0.4)， 262 (3)ョ260(2)ヲ 192(100)， 190 (13)ヲ 164
(26)， 162 (7)ヲ 136(16)， 134 (15)， 125 (30)ヲ 91(1). The total 180 content was 
calculated from the relative intensities of the [M十2]+and [M]+ ions to be 84%. This 
content was adopted as the 4，_180 content， since the 180 content 78% calculated from 
the rel説iveintensity of fragment ions containing 1'，4'-oxygen at mな 164and 162 was 
close to the器.bovecontent. 
[4，_180]ABA (0.1 mg) dissolved in 0.1 ml of恥1eOHwas added to 0.3 ml each of a 50 
mM buffer soln.， NaOAc四日Clfor pH 3.0 and 5.0， and Na21王P04-NaH2P04for pH 7.0， 
before being kept at 230C in the dark for 6 days. After an addition of 5.0 ml of 
distilled water， the soln. was acidified to pH 3.0 with 25% of H3P04， and partitioned 
three times with 2 ml of EtOAc. The organic layers were combined， dried over 
Na2S04 and filtered. The fi1tered solns. were concentrated and then dissolved in 0.1 
ml of MeOH and ethereal CH2N2 to give methyl esters. The methyl ester of ABA 
incubated at pH 3.0ラEIMS(probe) 70 eV: m/注(rel.int.): 278 [Mt (2)， 260 (5)ョ190
(100)， 164 (1)ヲ 162(26)， 134 (23)， 125 (27)ラ 91(8). The tot剖180content was 3%. 
The methyl ester of ABA incubated at pH 5.0: E邸 S(probe) 70 eV: mケ(rel.int.): 280 
[M+2]十 (2)，278 [Mt (0.5)， 262 (3)， 260 (3)， 192 (100)ヲ 190(29)ヲ 164(23)， 162 (10)， 
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136 (14)， 134 (16)， 125 (35)ヲ 91(10). The total 180 content was 78%. The methyl 
ester of ABA incubated at pH 7.0: E品1S(probe) 70 eV: m/z (rel. int.): 280 [M+2f (2)， 
278 [Mf (0.3)フ 262助言 260(2)ヲ 192(100)， 190 (18)， 164 (24)， 162 (8)ヲ 136(15)ラ134
(14)， 125 (30)， 91 (10). The total 180 content was 83%. 
3.5. Labeling experiment with H/80 
Difco's 抑制 dextrosebroth (0.24 g， Becton Dickinson， Sparksラ品位， USA) w乱s
dissolved in 10 ml ofH2180. This medium was sterilized by fi1tration using a 0.1 ~服ト
pore sized syringe五lter(Asahi Technoglass Corp. TokyoヲJapan)，and added to a 50 ml岨
sized sterilized Erlenmeyer's flask. After inoculation of B. cinerea in 
fungus was statically cultured at 230C in the dark for 20 days. The 
off， and the mycelium was washed with 30 ml of distilled wate工





ml of EtOAc. The organiむlayerswere combined， dried over Na2SOも filteredan品
concentrated to give yellow oi1 (8.0 mg). This oi1 was subjected to silica gel (3 g) CC 
using mixtures of toluene "and EtOAc containing 1.0% HOAc as the eluant. The 
colorless oil (3.8 mg) eluted with 30-40% EtOAc was dissolved in 2 ml of MeOH， and 
then ethereal CH2N2 w器sadded to the soln. After leaving it at room temp. for 1 h， the 
soln. was concentrat記dto give colorless oiI (3.7 mg). This oil was subjected to 
pr叩arative using a YMC岨PackS江A回∞3column (solventヲ5%かhexa民e-5%2皿
flow r凶器， 1.0 ml/min; detection， 254 nm). Materials eluted at 9.6 min説nd
14.0 min were collected and concentrated to giv母柱時methylesters .4 mg) and 
5 (3ヲ時)，respectively. 島知hylester of ABA: GC曲E邸 S(Rt 15.1 mi吟70eV: m/z (rel 
int.): 280 [M+2]+ (1)， 278 [Mf (0.3)， 262 (3)ヲ260(2)， 192 (100)，問o(22)， 164 (29)， 
162 (10)， 136 (19)芦 134(19)， 125 (35)， 91 (15). The total 180 content was calculated 
from the relative intensities of the molecular ions to be 82%. Methyl ester of 5: GC皿
E間 S(Rt 13.8臨in)70 eV:的 (rel.int.): 280 [M]十 (1)，262 (20)ラ244(1ブ)， 230(20)， 
206 (26)，174 (64)，146 (81)，125 (100)，111 (46)，95 (49) 
3.6. Detection 016， 7 and 15， 15'Z-phytoene by HPLC 
B. cinerea was grown on surface culture with 2.0 1 of pot乱to-dextrosemedium at 230C 
in the dark for 8 days. The mycelia (200 g) were harvested by filtration， washed with 
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distilled water， homog開 izedin 50 ml of MeOH with sea sand (particle size， 850由 1400
~m)， and extracted three times with 1.0 1 ofEtOAひ.MeOH(1: 1) soln. These extracts 
were combined， filter告doff， and the filtrate was concentrated to give 150 ml of brown 
aqueous soln. The soln. was partitioned five times with 50 ml of EtOAc， and the 
combined organic layers were washed with distilled waterヲ dehydratedwith Na2S04， 
filtered and concen甘atedto give black oil (1.2 g). This oil was analyzed by f控LC
with a photodiode array detector (20ふ600nm): column， Y恥1CCarotenoid column: 
solventラ時間85%トbutylmethyl ether in MeOH (0醐30min， linear); flow rateラ1.0ml/min. 
The contents of 6ヲ7and 15， 15'Z梱phytoenewere calculated from the calibration curv出
between the peak area加 damount of authentic samples. As the authentic samples， 
synthesized 6 and 7， and 15ヲ15宮岡phytoeneisolated from C. cruenta were used. 
3.スIsolation01 15，15宮てphytoene
B. cinerea was grown on surface culture with 4.0 1 of potato圃dextrosemedium at 230C 
in the dark for 8 days. After fi1tration， the mycelia (460 g) were washed with distilled 
water， homogenized in 100 ml of MeOH with sea sand and extracted three times with 
2.0 1 of EtOAゃ.MeOH(1: 1) soln. The extracts were combined， filtered off， and the 
filtrate was concentr説edto gi ve 200 ml of brown a弓ueoussoln. The residue was 
partitioned five times with 100 ml of EtOAc. The organic layers were co臨binedフ
washed with 100 ml of 1.0% NaHC03 and then distilled water， dried over Na2S04フ
filtered and concentrated to give black oil (2.3 g). This oil was subjected to silica gel 
(50 g) CC using mixtures of n-h母xaneand toluene as the eluant. The fraction (3.5盟g)
eluted with 10% toluene was subjected to Ah03 (15 g) CC with mixtures of 1トhexane
and toluen芭asthe eluant. The fraction (1.9関心 elutedwith 5% toluene was purified 
by prepar鈍iveHPLC using a YMC Carotenoid column (solvent， 75% MeO百四25%ト
butyl methyl母ther;flow rate， 1.0 ml/min; detection， 254 nm). The fraction eluted at Rt 
9.6出inwas collected and concentrated to give .15，15'Z輔phytoene (2.2科g). For UVヲ
E出 S釦 dlH N乱1Rspectral data of 15，15'Z四phytoene，see the lit. (Ebenezer 品目d
Pattenden， 1993; Britton et a1.， 1977). 
3.8. Detection 018 and 9 by GC-MS， and isolation 01丘7and a mixture 018 and 9 
The cul知recondition of B. cinerea was the same as that described for the isolation of 
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15， 15IZ-phytoene. The culture (4.0 1 in total) was filtered off after 8 days. The 
mycelia (490 g) were washed with distilled waterヲhomogenizedin 100 ml of acetone 
with sea sand and extracted three times with 1.0 1 of acetone. F ollowing filtration of 
the extract， the filtrate was evaporated to give 400 ml of yellow soln. This soln. was 
partitioned five times using 100 ml of 1トhexane，and the organic layers were combined， 
washed with 100 ml of 1.0% NaHC03 and distilled water， dehydrated with Na2S04， 
filtered and concentrated to give orange oil (0.57 g). This oil was subjected to silica 
gel (15 g) CC wi th mixtures of 1トhexaneand toluene as the eluant. The colorless oil 
(3.4 mg) eluted with 5% toluene was analyzed by GC占品1S，which was set at the 
conditions described in the General experimental procedureヲ andcompound事andヲ
were detεcted at Rts 6.7 and 7.3 min， respectively. Compound 8. GC-E路1S70 eV 
m/注(rel.int.): 204 [Mt (29)， 148 [M帽56t(100)， 133 (86)， 119 (21)ヲ105 8)ヲ91(23)， 
77 (10)， 55 (12). Compound 9. GC-E品1S70 eV mJ友(rel.int.): 204 (31)ヲ 148
[M帽56t(100)， 133 (86)， 120 (15)， 105 (14)ヲ91(13)， 77 (8). These co臨poundswere 
not detected in the materials eluted with 10% toluene. 
The colorless oil was subjected to Ah03 (15 g) CC using mixtures of n岨hexaneand 
toluene as the eluant. Matむrialseluted with 0 and 5% toluene (3.3 mg) were purified 
by preparative l王PLCusing a YMC Carotenoid column (solventフ90%MeOH-10% H20; 
flow rateヲ1.0ml/min; detection， 254 nm). Materials eluted at Rts 10.6ラ 12.1and 14.7 
min were separately collectedヲpartitionedthree times with 10 ml of n-hexane， and thε 
combined n占exanelayers ，vere concentrated to give a mixture (1.4時)of器and久6
(0.3 mg) and 7 (0.4 mg)， respectively. 2瓦4E，6E曲allofamesene(7). Colorless oil; 
むV:λ蹴 (n-hex組 e)nm: 265 (shoulder)ヲ275，285;GC岨E邸 S(Rt 12.9 min) 70 eV m/z 
(rel. intよ204[長句十 (29)，135 (100)， 120 (6)， 119 (7)， 107 (64)， 105 (15)， 93 (32)， 91 
(20)ヲ 7ヲ(10)ヲ 77(10)， 69 (6)， 55 (9); GC磁四E関 S70 eV:的 204.1881(C15H24 
requires m/z 204.1878); lH 陥低 (CDCh):O 1.61 (3Hヲs，H四13)，1.68 s， H四12)ヲ
1.74 (3H， d， J = 7.0胞，H-1)， 1.78 (3Hラs，H-15)， 1.79 (3Hラs，H剛14)，2.09 (4H， mラH回忌
9)ヲ5.12(1H， m， H田10)，5.54 (1H， q， J二7.0Hz， H-2)， 5.88 (1H， d， J = 10.7 Hz， H岨6)，
6.17 (1H， d， J = 15.3 Hz， H-4)， 6.33 (1H， aえJ=10.7，15.3 Hz， H-5). For spectral data 
of6ラseeMiyaura et al. (1982) 
3.9. Synthesis 016 andア
At room temp.芦1.0M TI王Fsoln. of potassium tert-butoxide (1.2 ml， 1.2 mmol) was 
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added dropwise to a stirred suspension of ethyl triphenylphosphonium bromide (464 mg， 
1.3 mmol) in 10臨lofTIまFunder N2・ Mter30 min stirring， pseudo四ionone(120 mg， 
0.63 mmol) was added to the orange soln. The reactant mixture was stirred for 40 min 
at room temp. under N2・ Tothe mixture， 0.5 ml of distilled water was added and the 
soln. was stirred for 1 h atroom temp. Mter the addition of another 50 ml of distilled 
water to the mixture， the soln. was partitioned three times with 20 ml of Et20. The 
organic layers were combined， washed with brine and distilled water， dried over Na2S04， 
fi1tered and evaporated to give yellow oil (592 mg). This oil was purified by AgN03-
silica gel (1 :20， 10 g) CC with mix加resof 1トhexaneand toluene as the 
Materials eluted with 20 and 30% toluene were concentrated to give compounds 6 (36 
mgヲ28%yield) and 7 (41 mg， 32% yield)， respectively， ascolor1ess oi1. Compound 6. 
13C Nl¥怨 (CDCb):O 13.1 (C-l)ラ 16.9(C圃14)，17.7 (C-13)， 20.5 (C師15)，25.7 (C田12)ヲ
26.7 (C醐9)，40.2(C岨8)，124.0 (C-10)， 124.2 (C醐2)，125.1 (C四5)，125.7 (C田6)，127.5 (C田4)，
131.7 (C-11)， 133.3 (C幽3)，139.0 (C田7). This is the first report of 13C NI¥偲
data of 6. Compound 7. 13C N乱依(CDCb):O 12.1 (C帽15)ヲ 14.0(C輔1)ラ 16.8 同時，
17.7 (C田13)，25.7(C聞12)，26.7(C晒9)，40.1(C圃8)，122.5 (C四5)，124.1 (C醐10)，田6)，
126.1 (C帽2)，131.6 (C酬11)，135.1 (C田3)，135.5 (C帽4)，137.9 (C醐7). This is the first 
report of 13C Nお位支 spectraldata of 7. For other spectral data， see 7 isolated from B. 
Clnerea. 
3.10. Synthesis 018 and 9 
In the same manner as that described for語and7， a.四ionone(120 mg， 0.63 mmol) was 
reacted with ethyl triphenylphosphonium bromide (464 mgラ1.3mmol) and potassium 
tert圃butoxide(1.2 ml of 1.0 M THF soln.， 1.2 mmol) in 10 ml of TI距ヲ andthe reaction 
mixture was treated to give yellow oil (504 mg). This oil was subjected to AgN03-
silica gel (1:20， 10 g) CC using mixtures of n-hexane and toluene as the eluant. 
Fractions eluted with 0.5% and 1-3% toluene were concentrated to give 8 (53 mgヲ41%
yield) and 9 (9.9 mg， 7.7% yield)， respectively. Compound 8 (2Z，4E四ι(2'，6'ラ6'-
trimethyl圃2'四cyclohexene-1'-yl)圃3・methyl岨2，4四pentadiene). Color1ess oil; UV: λnax (n叫
hexane) nm (1og ε): 239 (4.41); IR: Vmax (KBr) cm引3030，2960， 2915， 2855， 1470， 
1455， 1435ヲ1375，1365， 965ヲ820;GC-I武田E品1S70 eV: m/z 204.1875 (C15H24 requires 
m/z 204.1878); lH 時保(CDCh):O 0.82 (3H， s， H-9')， 0.91 (3H， s，思 8')，1.19 (1H， dtヲ
J= 5.0，13.1 Hz， H-5')， 1.46 (1Hヲdt，J = 7.9， 13.1 Hz， H-5')， 1.60 (3Hヲd，J口 1.4Hz，日開
7')， 1.73 (3民 d，J=7.0Hz，H四1)ヲ1.79(3H， br.s， H岨6)，2.01 (2H， br.sヲH-4')，2.18 (1H， d， 
J= 9.5 Hz， H圃1')，5.33 (lH， q， J = 7.0 Hz， H皿2)，5.41 (1H， br.s， H-3')， 5.45 (1Hヲdd，J=
21 
9.5， 15.4 Hz， H-5)， 6.41 (1H， d， J = 15.4 Hzヲ H-4);13C N乱偲 (CDCb):O 13.0 (C四1)，
20.8 (C皿6)，23.0 (C四7')，23.1 (C四4')，27.1 (C皿8')，27.6 (C醐9')，31.8 (C♂)， 32.2 (C圃6')，
55.1 (C帽 1')，120.6 (C圃3')，122.6 (C-2)， 128.2 (C-4)， 131.1 (C-5)， 132.8 (C輔3)，134.5 (C田
2'). For GC四EIl¥岱， see 8 isolated from B. cinerea. Compound 9 (2E，4E幽ふ(2'，6'，6'聞
trimethyl-2'-cyclohexene-l'-yl)-3圃methyl岨M 醐pentadiene). Colorless oil; UV:λ鵬(月四
hexane) nm (log ε): 236 (4.37); IR: Vmax (KBr) cm-1: 3030， 2960， 2920， 2855， 1470ヲ
1455， 1435， 1385， 1360， 965， 820; GC-I武 -E品1S70 eV: m/な204.1874(C1sH24 requires 
m/z 204.1878); lH 時 1R(CDCb): O 0.81 (3H， s， H帽9')，0.89 (3H， s， Hめヲ 1. (lH， dtヲ
J=4.9ヲ13.1Hz， H-5')， 1.44 (1H， dt， J = 7.9， 13.1 Hzヲ H-5')，1.60 (3H， d， J口 l.2Hzヲ品
7')， 1.71 (3HヲH-lヲoverlappedwith H-6 signal)， 1.72 (3H， H幽6，ov母 .......RJIU.，..with H-1 
signal)， 2.00 (2H， br.s， H-4')， 2.12 (IH， d， J口 9.5Hz， H岨1')， 5.33 (IH， J = 9.5， 15.4 
Hz， H-5)， 5.38 (IH， br.s， H-3')， 5.47 (IH， q， J = 6.6 Hz，日四2)，6.02 (1Hラd， J= 15.4 Hzラ
H-4); 13C NMR (CDCb): O 12.2 (C田6)，13.7 (C岨 1)，23.0 (C幽7')，23.1 (C叩 27.0(C間的3
27.6 (C圃9')，31.8 (C♂)， 32.3 (C皿6')，54.6(C四1')，120.5 (C-3')， 124.6 (C岨 128.0(C幽5)，
134.5 (C圃3)，134.8 (C-2')， 136.0 (C輔の. ForGC嗣E路1Sラseeヲisolated Clnerea. 
3.11.あmthesis01 [2_13C]_3，試7and8
Triphen)匂hosphine(1.8 gラ6.9mmol) was suspended in [1-13C]bromoeth釦 e(1.0 gヲ9.2
mmol) and this suspension was heated at 1200C for 12 h. The resulting colorless solid 
W誌swashed with b開 Z間宮島ndthen dissolved in distilled water. The a号ueoussoln. was 
ev説poratedand the r告臨むnlng∞lorlesssolid was dried at 1000C ov合間ightto give [ト
13C]ethyl triph島町匂hosphoniumbromide (2.4 g， 95% yield). In the same manner品S
that described for synthesis of 6ヲ7ラ 8and 9，臼圃iononeor pseudo-ionone were reacted 
with [l-13C]ethyl triphenylphosphonium bromide and potassium tert聞butoxidein TI王Fto 
give [2-
13
Cト6芦7ヲ8and 9. The 13C contents of th母secompounds were calculated from 
the relative intensities of the mol母cularions in their mass spectra to be 99%. [2_13C]田
6: GC由E蹴 S(Rt 12.3 min) 70 eV:的 (re.l.int.): 205 [M]+ (30)， 136 (100)， 120 (7)， 108 
(51)， 94 (24)， 80 (6)， 69 (8)， 55 (5). [2-13C]-7:ぽ剛E邸 S(Rt 13.1 min) 70 eV:腕 (rel.
int.): 205 [Mt (30)， 136 (100)ヲ120(7)， 108 (51)， 94 (24)ラ80(6)ヲ69(7)， 55 (5). [2圃
13C]品:GC四E路1S(Rt 6.8 min) 70 eV: m.ケ(rel.int.): 205 [M]+ (21)， 149 [M酬 56t(100)， 
134 (86)，120 (14)，107 (22)， 92 (17)， 70 (5)，55 (8). [2-13C]-9: GC圃E間 S(Rt 7.6 min) 
70 eV: m/左(rel.int.): 205 [Mt (21)ヲ 149[M聞56]+ (100)ラ 134(80)， 120 (13)， 107 (19)ヲ
92 (15)， 70 (5)， 55 (7) 
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3.12. Feeding 012-13C labeled丘穴 8and 9 to B. cinerea 
B. cinerea was statical1y cultured with four 300 ml輔sizedflasks， each containing 50 ml 
of potato田dextrosemedium at 230C in the dark for 8 days. Fol1owing decantation of 
the medium， the mycelia were washed three times with sterile water. Fi偽rml of 
Czapec圃Doxmedium and 0.5 mg of [2_13C]_6 in 50μ1 EtOH were added to the mycelia 
in the flasks， and this culture was incubated at 230C in the dark for 7 days. 
mycelia and medium were separated by日ltration. The medium was acidified to 
3.0 with 25% H3P04， and then partitioned three tImes with 100 ml of EtOAc. 
EtOAc layers were combined， dried over Na2S04， filtered and evaporated to give 
oil (75 mg). This oil was subjected to silica gel CC説ndthe HPLC method 出 same
manner as that desむribedfor the labeling experiment with 1802 to give 
and 5 (0.5 mg). Each compound was methylated and analyzed by lHラ 13C
GC咽五島1S. The optical purity of ABA was calculated from pe乱kareas in 丈;wlth a 
Daicel Chiralcel OD column (solventラ 80%n占信xane-20%2-PrOH叩0.1%
rateヲl.0ml/min; detection， 254 nm). (+)圃 and(う岨ABAwere eluted at Rts 6.1 and 7.7 
mlnヲrespectively. The mycelia (49 g) were washed with distil1ed water， homogenized 
in 30 ml of MeOH with sea sand， and extracted with 100 ml of an EtOAc-MeOH (1: 1) 
soln. The extract was concentrated and 50 ml of distilled water was added to the 
residue. This soln. was partitioned with 20 ml of EtOAc thre告 timε民館ldorganic 
layers were combinedヲ washedwith distilled water， dried over Na2S04， fi1tered and 
concentrated. The resulted brown oil (75 mg) was subjected to silica gel (5.0 g) CC 
with a郡江加reofかhexaneand toluene as the eluant. Materials eluted 0-5% 
toluene co説得ningcompounds 7， 8 and 9 were analyzed byむC四E臨時 The
incorporation ratio was出lculatedusing the following equation: Incorpor説ionratio (% 
。fcompound biosynthesized from administrated substrate) = AMIB x 100; A = % of13C 
abundance of compound -1.1 (% of natur器1abundance of 13C)， M = mol compound 
isolatedヲ品ndB mol substrate fed x 0.99 (% of 13C幽isotopicabundance of 
administrated substrate)ー 13C-Isotopi c説.bundanceof C四2of ABA and 5 was evaluated 
by their 13C NMR spectra (Hirai et a1.ラ 2000)，and those of 6， 7ヲ8and歩werecalむulated
from their EIMS. 
Compounds [2-13C]-7ヲ8and事wereadded to the mycelia in four， eight and t出hr尚eef設la邸sks，
f印告s叩pecはti討vely払ヲ 器組f註ldcultured i出口 t出hesar宜盟nem説I口lneras t出ha拭.1for [2-也h泊由闘剛剛
compound 5， and compounds 6， 7， 8 and 9 were purified from the media and mycelia， 
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Figure Lege騒ds
Fig. 1. Outline of ABA biosynthetic p品.th明ray.
Fig. 2. The direct pathway νia ionylideneethane for ABA biosynthesis in B. cinerea. 
Bold arrows show the pathway confirmed by the feeding experiments. The oxygen 
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Relative intensitiesa) and compositionsb) of molecular and major fragment ions of methyl esters of ABA isolated from B. cinerea cultured under 
1802 or in H2
180. 
Methyl ester of non-labeled ABA Methyl ester of [4，_180]ABA Methyl ester of ABA isolated from Methyl ester of ABA isolated from 
B. cinerea cultured under 1802 B. cinerea cultured in H2
180 
m/z ion soecies rel. int. co~p. m/z lOn specles rel. int. comp. m/z lOn specles rel. int. comp. m/z ion species rel. int. comp. 
(%) (%) (%) (%) (%) (%) (%) (%) 
278 [Mf 2.2 100 280 [M+2r 2.1 84 284 [M+6r 0.9 17 280 [M十2r 1.4 82 
278 [Mr 0.4 16 282 [M+4]十 1.4 26 278 [M] 0.3 18 
280 [M十2r 1.8 34 
278 [M] 1.2 23 
260 [M値目zOr 4.8 100 262 [M十2-H20r 3.2 5270682)F e) 266 
IM+ 6 --司回ーH日2201o01801r] 4 +1 1 1
0.6 5 (2月? 262{M+2-mHH2210801+ } 2.6 開 7
260 [M+2-H2180r 2.4 264 [M+6-H21dor 2.6 12 (7 260 [M+2-H2HSor 2.1 27 (33 
[M-H20r 16 [十4 10 [M-H20r 18 
262 [M+4-Hz HSor 4.9 16 
[M+2 25 
260 [M+2-H2
1dor 3.8 9 
[M-H20f 23 
162 [M四 116tの 27.3 100 164 [M+2ω116t 25.4 78 164 [M品開12801+÷ 30.7 17 164 [M+2-116r 27.5 73 
162 [M四116r 7.1 22 [M十4凶1 29i) 162 [M-116]十 10.0 27 
[M+2-116]十 。Pc3 
162 [M+4-120r 36.4 31i) 
[M+2峨 118t
[M嗣116r 23 
125 [M岨153]叫 26.3 100 125 [M+2-155f 30.4 84 129 [M+6-1S5]十 15.3 17 125 [M+2-15Sr 34.5 82 
[M-153r 16 [M+4-1S3r 3 [M御153]十 18 
127 [M+4-155r 30.3 23 
[M+2-153r 16 
125 [M+2-155t 31.9 18 
[M-153]十 23 
ac早町)afRlEcebulmaltmpeodsima地tistoen f副os!loilcdofaewlrsetsowl，at4ehirv3e  %tc[io明n。Htoec+tncaidtolenpdE-e町bGs田yomnfat pteudoaredcah lyiouidmocrn a-t，ehg2d mHtih-ZoIePan r -fdaGrt a2伊73m0/Z-peiosn2ostωitoipo) nn isc ab mdance - ，_180]ABA 
wo1fa6s %hcaEflpmceue配laeteMmdbIMy sr tIhMciodsn am同aHts2nm18d0ezt1h+2o7ad 8n)ad s =ItMh2a7，t H%d2回o〈pcreirbacet d nmta/bz[Mov2+ωe2. HfO2E0I4 1+10nh FereeMIM回
りHZ20E1e+ fragment ion COIlta11s oxygen atoms at e-l，and -41 
d)The 台agmention contains two oxygen atoms at C-1. 
勺nevalues in parentheses show the ratio of叫 npositionsofdehydratedioor mIMIM+4+21-2H02r 0arn胆dIdMI+M2d白11FH21801¥or [M+6-H20r and [M+6-H2180r 
i)The sum of compositions of fragment ions [M+4-118t and [M+2・社
Table 2. Relative i部ensitiesa)and compositio部 b)ofmolec叫arand major fragment ions of methyl esters 
from B. cinel怒acultured under 1802 or in H2
180. 
Mfroetm hyBl .ecstinez emofa Sciuslotularted  hfreoIm1yBl.ecstienr emof asciuslotularted  
under 1802 in H2
180 
m/z 




rel. int. comp. 
(%) (%) (%) (%) (%) (%) 
Molecular ion 280 1.4 100 288 0.3 8 280 1.3 100 
286 0.7 19 
284 0.9 24 
282 1.0 27 
280 0.8 22 
First dehydrated ion 262 27.4 100 268 8.1 15 262 19.9 100 
266 15.7 28 
264 19.6 35 
262 12.1 22 。P¥3 
Second dehydrated ion 244 21.7 100 248 14.7 29 244 17.4 100 
246 19.8 39 
244 15.8 31 
[M四155]十ionc) 125 100.0 100 129 69.9 26 125 100.0 100 
127 99.7 37 
125 98.5 37 
吟Relativeintensities were corrected by natural 13C_ラ2H幽 and170幽isotopicabundance. 
b〉ICEoIemfproa sition of relative intensities of each ion group. 
の fragmention contains two oxygen atoms at C-1. 
Incorporation of 2-13C labeled乱7，謹and9Table 3. 
[2-13C]-8 
1. R. (1. A.) 
[2-13C]-欝
I. R. (1. A.) 
Substrates 
[2-13C]-番

























0: UC-Isotopic abundance (%) 
C) Not tested 















( 1 )に関しては、 ABA生合成過程における環化反応はプロトン付加型のテノレペ
ノイド環化酵素が機能していると考えた。現在までのところ、糸状菌由来のプロトン
付加型の環化開始機構を持つ二次代謝系テルペノイド環化酵素のクローニングが行わ
れているのは、ジベレリン生合成における多機能型 ent-カウレン合成酵素 (Cp S/ 





















た直鎖状テノレベノイド ・2E -アロブアノレネセンから 2Z-α剛イオニリヂンエタンの環化
反応に着目した。この環化反応の開始機構はプロトン付加型環化酵素と考えられるの
で、現在までにこのタイプの環化酵素阻害剤として知られる組害点@基質特異性の




エポキシドからラノステローノレへの変換も阻害する (BamesM. F. et alリ四69)0 CPTA 
は 3級アルキノレアミノチオフェノーノレ系化合物で、あり、リコベンから3“カ口テンへの
変換を特異的に阻害する (SchnurrG. et al.，1998) 0 FC幽907は 4級アンモニウム塩であ


































CPTA (N，N.町diethyl-N-[2-(4-chlorophenylthio )ethyl]amine) は、 Schuetzらの方法によって





2首フラスコ (100mL容)に NaOHを2g入れ、 milliQ水 8血Lに溶解したD そこへ、
P四ク口口チオフェノーノレを 2.2g (0.015 mol)加え、還流する温度 (13むOC)まで上昇さ
せた。還流状態になったら、 milliQ水 10mLに溶解したジエチノレアミノ塩化エチノレ-
HCl を 1時間かけて滴下したq すべて滴下し終わってから、さらに 3時間反応を続
けた。黄色油状物が上層に現れ、反応液全体は透明になり、反応が終了した後






シケーターで乾留した q 合成したものは、 NMR






B. cinereaの菌体と培地を合わせ、アセトン 100mlを加えて 3自問室温、暗黒下で浸漬
抽出した。その抽出溶液を吸引ろ過、減圧濃縮後、酸性条件下で、酢酸エチル (8mLX2) 
を加えて液々分配した自酢酸エチノレ層を洗浄・脱水し、減圧濃縮して酢酸エチノレ可熔










合成した CPTAの一部を重クロロホルム (0.3%四時含)に溶解して、 1耳慣NMRを測
した (400MHz、積算回数16回) 0 NMR a H (CDCI3) a 1.01 (6民 t，7.1 HzラC-10
and 12)ラ2，56(4H， qラ7.2Hz， C-9 and 11) ，2.69 (2H， t， 7.6 Hz、 C-7)，2.9ヲ(2日夕 ム7.6
C却8)，7.25 (4H， d， 13.4 Hz， Cム3，5 and 6) . CPTAの構造式と lH-NMRスベクトノレを示
す。
./ヘ 1~足、 7 "へ Jへ 103fコプ〉 ¥12¥CH























FC-907) をメタノーノレに溶解し、終濃度を 10-3M、10-4M になるように調整した 6種
類の 2倍 PDA培地 10mLと、コントロールとしてメタノーノレを添加した 2倍 PDA
地 10mLの計 7種類の培地を用いて、各ABA生産菌を 260C、暗黒下で培養したG
コントローノレと各薬剤 10-4M の B.cinereaは、培養 4日目に培地一面に菌体が生育し













AMO四1618 10-4M 0.30 
CPTA 10-4M 0.31 
FC閣907 10-4M 0.29 
同様に、 C.cruentaについても実験を行った。コントローノレと各薬剤10-4MのC.cruenta 
は、培養 6日間に培地一面に菌体が生育したが、 10-3M では均一に菌体が生育してお
らず、生育阻害が見られた。培養 6日目のコントロールと各薬剤 10-4M の培養物中の
ABA量を調べたところ、コントロールと各薬剤処理区との ABA 認め
られなかった。 C.cruentaもABA生合成に関与する酵素は、上記の 3つの薬剤で、は阻
害されないと示唆されたD また、 C.cruentaは B.cinereaと異なり、カロチノイドを経
て ABAを合成する可能性が示唆されていたが (Yamamotoet al.， 2000)、近年イオニリ
デンエタンを経由する直接経路で、ABAを合成することが提唱されており (Inomataet al.， 
2003b)、本研究の結果は後者の直接経路を支持するとも考えられる。




AMO帽1618 10-4乱在 0.44 
CPTA 10-41¥在 0.45 
FCω907 10-4M 0.48 
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レリン生合成酵素遺伝子群のクラスターが明らかにされた(Tudzynski et al吋 1998ラ
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・フォワードプライマー (FPSfwd) : 
5に廿(C!T)(C!T)'百G百GCIGA(C!T)GA(C局A官ATG-3'
(FLVADDMM領域)




・フォワードプライマー (CPS/KSfwd) : 
シーATITA(C/T)GA(C!T)ACIGCITGGGTIGC四ゲ
(IYDTAWV領域)




PCR酵素等はExpand時-FiPCR kit (ロッシュ社製)を用いた。 PCR装置は、GeneAmp
2700 (ABI社製)を用いたo PCRは 50μ1の反応溶液とし、 200μMdNTP、500μ
M primer、DNA3μg、酵素 3.5U を加えて行った。反応の滋度条件は、 950Cで3分




直ちに大腸菌 JM109株を形質転換した白 PCRにより増幅された DNA断片を含む形質
40 
島』←
転換大腸菌 (24株)をアンピシリン含有の LB培地 (2mI)で培養し、それぞれの菌
体からブラスミドを調製した (Promega社製 Wizardplasmid isolation kit) 0 DNAシ
クエンスは、 DYEnamic ET Terminator Cycle Sequencing kit (アマシャム社製)を用い、
M・13-fowardおよび M-13 reverseプライマーを用いてシークこにンス用サンフ。ルを調製し











グ温度を高めに設定したところ増幅されなかった (Datanot shown) 0 
、CPS/KSプライマーを用いたときには、DNAが全く増幅されなかった(Datanot 
M FP CY M 
500bp 
P450プライマーを用いたPCRにより増幅されたDNA











み、プラスミドを調製後、 DNAシークエンス解析を行った。 FPS断片 24コロニーか
らプラスミドを調製し、 Dyeterminator法により DNA配列を解析したD
PCRで取得した B.cinerea FPS (BcFPS)遺伝子断片は、 441bpで148アミノ酸をコ
ードしていた。この領域にはイントロンを含んでおらず、 BLASTPによるホモ口ジー
検索の結果、 G.fujikuroi、Neurospora crassa、Cravicepssp.等のデータベースに登録さ




File Name:BcFPS1RRange: 1-444、Mode:Nonnal、CodonTable:Universal 
9 ユ8 27 36 45 54 
TTC TTG G'l'G GCG GAT GAT ATG ATG GAC AGC AGC Þ.~TC Ac'r CGTこG'IGGT CAA CC'I 
F L V A D D 詫 ELD S S 1 T R R G Q P 
63 72 81 90 99 108 
TGT TGG T.λ.c ~r:...GA CAG CCA GG.T GTT GGT ATG ATC GCT ATC λλC GAC GCT 1'1'C CTC 
C 狩 Y R Q P G V G M 1 A 1 N D A F L 
117 126 135 工44 工53 162 
CTC G五λGCCGCG ATC TAC TC1' TTA 1'TG AAG A民主 1'AC 1'1'C CGC TC'!' c..~C CCT TCC 
L E þ.~ .~ I Y S L L K K Y E、設 S H P S 
γ71 180 189 198 2む7 216 
l'AC CTT GAl' C'TC ATC GAP.~ CTC TTC CAC G五AGTT K"..A 1'AC CAG ACλ G..~ CT1' GGT 
Y L D L 1 E L F H E V T Y ♀'I' E 1， G 
225 234 243 252 261 270 
CλA TTG TGC GA1' TTG TTG ACA GC為 CCT4GAG GACλAG GTC GAC T口'l'GGAC At".:む TT~r
Q L C D L L l' A P E D K V D L D N F 
279 288 297 306 315 324 
1'C1' ATG ACC T.AG 1'AT GλC TTC ATT GTC ACA TAC AAG P:.CT GCT TA1' TAT TCC T'lC 
S M T K Y D F 1 V T Y K T五 y Y S F 
333 342 351 360 369 378 
TAC C1'1' CCT G1'C GCC CTC GCA C1'T CAC CAC CAG AAT A1'C GCG ACT CCAλAG A.~1' 
Y L P V A L A L H瓦 Q N r A T P K N 
387 396 405 414 423 432 
CTT t.J¥G CAA G1'C GA'f1.， GAT ThTC TTG ATT CCG CTT GGC CAA TAT TTC CAJA GTC CAG 
L K Q V E D 1 L 1 P L G Q Y F Q V Q 
444 
Gl'1.C G1"'¥C TAC CTC 3字
D D Y L 
ク口一ニングされたB.cinerea由来FPS遺伝子断片(下線はプライマー領域)
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10 >tr:08XOYQ l Q8XOY6J Famesyl-pyrophosphate synthetase(FPPsynthetase) 
(FPS) [N euro 
Score 263 bi七s (672)， Expect 3e四 70
工dentities 123/148 (83も)， Positives 出 139/148 (93老)
Query: 1 FLVADD~~DSSITRRGQPCv官YRQPGVGMIAINDAFLLEAAIYSLLKKYFRSHPSYLD1IE 60 
F1V+DD+MDSSITRRG+PCWYRQ GVG~-1:+Þ.INDÞ..F+LE+AIY+LLKKYE京SHP Y+D +E 
Sbjct: 91 FLVSDD工MDSSITRRGKPCWYRQEGVGMVAINDAFViliESAIYTLLKKYFRSHPRYVDFLE150 
Query: 61 L:F'H芯VTYQTELGQLCDLLTAPEDKVDLDNFSMTKYDFIVTYKTAYYSFYLPVA.LT..LHHQN120 
LFHEVT+QTE+GQLCDLLTAPEDKVDLDNFSl'1 K"Y FIV YKTAYYSFY1PVALA++ 十
Sb j ct: 151 LFnEVTFQTENGQLCDLLTAPEDK"VDLDNFSMDKYTFIVI YKTAYYS FYLPV.ALT..MYMLD 210 
Queどy: 121 IAT?KNLKQVEDILIPLGQYFQVQDDYL 148 
工ATP+NLKQEDILIPLG+YFQVQDDYL 
Sbjct: 21工工ATPENLKQAEDILIPLGEYFQVQDDYL238 
20 〉sp:FPPSGIBFU [Q92235] Famesyl pyrophosphate synthetase (FPP 
synthetase) (FPS) [Gibberella jujikuroi] Length = 347 
Scor令官 264 bi七.5己75)I E父pect 2e-70 
工den.七ities 思 124/148 (83を)， Positives需工36/148 {91も)
Qはery: 1 FLVADrn4MDSSITRRGむPCWYRQPGVGH工AINDAFLLETAIYSLLKKYFRSHPSYLDL工E 60 
FLV+DD+HDSSITRRGQPCWYRQ GVGM工AINDAF+LE+A工Y+LLfてKYFRSHP十YDLIE 
Sbjct: 91 FLVSDDIMDSSITRRGQPCWYRQEGV砂lIAINDヨ¥FMLESAIYTLLKKYFRS託PAYFDLIE150 
Query: 61 LFHEVl'YQTELGQLCDLLTAPEDKVDLDNFSMTKYDFIVTYKTAYYSFYLPVT.LALHHQN 120 
FHE T+令TELGQLCDLLTAPEDV+LDNFS+ KY FIV YKTAYYSFYLPVAh~H N 
Sbjct: 151 SFHETTFQTELGQLCDLLTÞ2EDNVNLDNFSIぷKYSFIVIYKTAYYSFYLPVAh~HQLN 2ユc








[S71433] far配 syl-pyrophosphatesynthetase -ergot fungus (fragment) Lengthコ
Scoどe= 250 bits (639)， Expect 2e吋 66
Identities器工17/148 (79毛)， Positives 133/148 (89%) 
Query: 1 FLVλDD:t必1DSSITFJえGQPCWYRQPGVGMIAINDAFLLL~λIYSLLKKYFRSHPSYLDLIE 60 
FLV+DD+MD SITRR +PCW+RQ GVGMIA工目DÞ~FL+E+ AIY + LLKI<.:YFRSHP+ Y + D+十E
Sbjct: 44 .E、LVSDDIMDGSITRRRKPCWnRQDGVG1-1IAINDAFLIESAIYALL悶(YFRSHPAYVDMLE103 
Query: 61 LFHEVTYQT怠LGQ1CDLLTAPEDKiTf)LDNFSMTKYDFIVTYKTAYYSFY1PVALl¥.LHHQN120 
LF百忍 T+QELGQLCDL十T P DKVDL NFSM ~~ FIV YKTAYYSFYLPVAL及LH N 
Sbjct: 104 LFHEATFQAELGQLCDLITGPVDKVDLGNFSMDKYRFIVIYKTAYYSFYLPVTLALHQU{ 163 
Queどy= 121 IATPぬ~LKQv"EDI1IPLGQYFQVQDDYL 148 
十ATP+NLK ED工LIPLG+YFQVQDDYL




40 >1r:092218 [092218] Famesylpyrophosphate syn出eta印 [Claviceps
purpurea 1 Length = 211 
Score 250 bits (639)， Expect 2e-66 
Iden七ities 117/148 (79%)， Positives 133/148 (89毛}
Query: 1 FLVADDMMDSSITRRGQPCWYRQPGVGMIT.INDAFLLEAAIYSLLKKYFRSHPSYLDLIE 60 
FLV+DD+MD SITRR +PCW+RQ GVGMヱAINDAFL+E+AIY+LLKKYFRSHP+Y+D++E
Sbjct! 44 FLVSDDIMDGS1 TRRRKPCWHRQDGv傍lIAINDAFLIESAIYALLKKYFRSHPAYVDMLE103 
Query: 61 LFHEVTYQTELGQLCDLLTAPEDKVDLDNTSMTKYDFIVTYKTAYYSFYLPVAエA.HHQ諒 120
LnIE T+Q ELGQLCDL+T P DKVDL NJtSM KY FIV YKTAYYSFYLPVAL也豆諸
Sbjct: 104 LFHEATFQAELGQLCDLITGPVDKVDLGNFSHDKYRFIVIYKTAYYSFYLPV五LALHQLN163 
Query: 121 IATPK諒LKQVEDIL工PLGQYFQVQDDYL148 
+.l¥TP十NLK ED工L主PLG+YFQVQDDYL
Sbjct: 164 LATP~~~;AED工LIPLG記YFQVQDDYL 191 
50 >1r:092334. [092334] Famesylpyrophosphate synthetase [Sphaceloma manihoticola] 
= 212 
Score 238 bi七s (606)， Expect 怠 2e-62
工denti七ies 112/148 (75も)， Positives 129/148 {87毛)
Query: 1 FLV五Dill金在DSSITRRGQPCWYRQPGVGMIAINDAFLLE五AIYSLLKKYFRSHPSYLDL.工E 60 
FLV+DD+MDSS TRRG PCWY P V岱併AINDAF+LE+工Y LLKKYFR Y十DL工記
Sbjc七 44 FLVSDDIMDSSKTRRGSPCWYl説PQVGMVAINDAFMLETS工YLLLKKYFRQSKHYVDL工E 103 
Query: 61 L前lEVTYQTELGむLCDLLTAPEDKVDLDNFSMTKYDF工VTYKTAYYSFYLPVA工ALHHQN120 
LFH鼠T++QTE+GQCDLLTAPEDKVDLDNFS+ KY FIV YKTA+YSFYLPVALAL十+
Sbjct: 104 LFHEVSFQTEMGQQCDLLTAPEDKVDLDNFSLEKYSF工VIYKTAFYSFYLPVALALYYC記 163
Query: 121 IATPKNLKQVED工LIPLGQYFQVQDDYL148 
+AT :r傑LKQ+DILIP+G+YFQVQDDYL 
Sbjct: 164 LATEKNLKQAKD工LIPMG民YFQVQDDYL191 
長。 >sp:FPPSYEAS1 [P08524] Farnesyl pyrophosphate synthetase (FPP 
synthetase) (FPS) [Saccharomyces cerevisiaeJ Lengthコ352
Score 228 bits (581)， Expect 1e申 59
エdenti七ies 108/148 (72も)， Positives詰 125/148 (84も)
Queどy: 1 FLVADDMMDSS工TRRGQPCWYRQPGVGM工AINDAFLLEAAIYSLLKKYFRSHPSYLDLIE60 
FLVλDDMMD S工τRRGQPCWY+ P VG工AINDAF+LEAA工Y LLK +FR令 Y+D+E 
Sbjct: ヲ6 FLV，λDDMMDKS1 TRRGQPCWYKVPEVGE工A工NDAfl-1LEAAIYKLLKSHF悶rEKYYIDITE155 
Queどy: 61 LFHEVTYQT忍LGQLCDLLTAPEDKVDLDNFSMTKYDFIVTYKTAYYSFYLPVALALHHQN120 
LE百EVT-トQTELGQLDL+TAP志DKVDL FS+ K+ FIVT+KTAYYSFYLPVA工.A:←+
Sbjc七 156L四 EVTFQ'1ELGQ工.MDL工TAPEDKVDLSKFSLKKHSFIVTFKTAYYSFYLPVALAMYVAG215 
Query: 121 IATPKNLKQVEDILIPLGQYFQVQDDYL 148 





P450断片 24コロニーからプラスミドを調製し、 Dyeterminator法により DNA配列を
解析した。
P450プライマーを用いたときのPCR産物のDNA解析では、43bpのintronを含む897bp
の断片 (BcP450-1) と、 intronを含まない約 840bpの断片 (BcP450-2) にチトクロー
ム P450モノオキシゲナーゼ様アミノ酸配列を持つことを確認、した。これまで、デー
タベース上における B.cinerea由来 P450遺伝子は、 eburicol-14α-demethylaseが
Botryotinia fuckelianaとして登録されているが、今回発見した 2つの BcP450-1および
BcP450-2は、これとは全く異なる遺伝子であった。特に、 BcP450-1のアミノ酸配列は、
BLASTPによるホモロジー検索の結果、テルベノイド骨格への酸素導入反応を触媒す
る Phaeosphaeriasp. lA幻株や G.βljikuroi由来の ent-カウレン酸化酵素、 Neurospora




酸素導入ステップがあると考えられているは印鑑ataet al.， 2003a) 0 今回発見できた
BcP450-1は、その 3ヵ所の酸素導入ステップのうちの lつを触媒する可能性が持たれ
るG これまでの糸状菌二次代謝産物の生合成研究から、 ABA生合成に関与する遺伝子
群がゲノム DNA上でクラスターを形成していると仮定して、 BcP450側 l遺伝子の近傍








Gaps Positives Identities 素酵菌
6% 48弘30% Hypothetical protein Neuro平oracrαssa 
6% 48% 27% チトクローム P450Coriolusν'ersicolor 
9% 44% 27% チトクローム P450Gibberelおか~ikuroi
11% 45% 26% チトクローム P450モノオキシゲナーゼPenicillium pa.xili 
6% 
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